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T& A. HUffschmid

After conclusion of the spin ti’vestigation of the
model Me 210 with elongated fuselage and central vertical
tail surfaces (model condition 111; reference 3), tests were
perfomued on the same mdel with a vee tall (mxiel con-
dition IV). Here the entire tail surfaces consist of on3y
one surface with pronounced dihedral. Since the KLmdceting
of the vertical tail surfaces by the horizontal tail sur-
faces, which may occur in case of standard tail surfaces,
does not occur here, one could expect for this Qrpe of tail
surface favorable spin characteristics, particularly with

*“Untersuchung des Me 210+40del.lsimTrudelwindkenel der DVIL.
k. Teil~ericht. Modell mit le.ngemRumpf undmit V–Leitwerk.” Zentrale
& wissenscheftliches Berichtswesen der Q&tfe.hrtforschung des
Generalltitzeugrneisters(ZWB), Berlin+ldlershof, Untersuchungen md ,
Mitteilungen Nr. 1288, June 15, 1944.

%ACAreviewer3s note: Data obtained at the Langley Aeronautical.
Laborato~ indicate that loading may influence the effectiveness of a
Tee tail in spin recovery. Inasmuch as the results presented hereti
were obtained with a si&l.e model at only one loading, they should not
be Interpreted as indicating the effects of a vee tail for all designs.
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respect to rudder effectiveness for spin recove~. However,
the test restits did not confirm these expectations. The
steady spin was shown to be very irreguler; regarding
rudder effectiveness the vee tail surfaces proved to be
inferior emn to standard tail surfaces; thus they repr-
sent the most unfavorable of the four fuselage and tail-
surface co?ibinationsinvestigated so far.
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II.

111.

Iv.

VI.

VII.

PURPOSE 0FT9X TES2S

DESCRIPTIONOF TEE kODIIL
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EVALUATION OF THE M3DELME 210 WITH IONGFUS3WWE
AND WITH VIE TAIL SURFACES

SUMMARY AND COMPARISONWITHTHE M3DEL COND17TIONS
INTESTIGATIZDSO FAR

REFERENCES

I. I?URPOSEOF THE ’TEHTS

In the systematic spin investigation on a model Me 210 the effect
of a variation in the form of fuselage and tall surfaces on the s~ln
behavior is determined. The folJ.owingmodel veriatims have already
been investigated:

Short fuselage and centrellvertical tail surfaces:
model condition I

‘Shortfuselage and twin vertical.tail surfaces:
model condition II
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Long fuselage and central vertical tail surfaces:
model condition III

.

The results of these three test series have &&eady teen publishe~
(references 1, 2, and 3). As a fourth variation, a model with elongated
fuselage and with so-called vee tail surfaces (model condition IV) was
investigated in the present test series. ‘In this arrangement of the tail
surfaces, horizontal and vertical tail surfaces were replaced by a
surface of 35° dihedral (see fig. 3.) Besides other advantages, as for
instance reduction of the high-speed drag, good rudder effectiveness for
spin recovery was to %e expected for this arrangement of the tall surfaces,
since no reduction of the rudder effectiveness due to blsmketina of the
air flow by
observed to

the horizontal tail surfaces could occur as it had &en
occur for the central.vertical tail surfaces.

II. lIESCRIETIONOF THE MOREG

As in the former test series, a geometrically and QnemicaUy
similar model of the scale A = 1:16 served as test carrier (see figs. 1
and 2); it is the same model on which the measurements of the previous
test series had been performed. Details of the aodel are described
in UM l176; here only a few remarks concerning the vee tail surfaces
will be added.

The tail surfaces consist in this case of only one surface of
35° dihedral. Due to this dihedral, moments about the transverse or
vertical SXIS of the atiplane may be produced by corresponding or opposite
deflection of the two control surfaces. The anguler range of each
control surface is &~OO. Therein the elevator deflection q upward
is 30°, downward 200 (for standard tail surfaces A2~); the rudder
deflection produced by superposition amounts to 20° on the u~oing rudder,
30° on the down~oing rudder, so that a meximum rudder deflection
of ~ =A25° results (for standard tail surfaces ~ =*3’5°).

The coupling of the elevatm and rudder deflections in the control-
surface deflections for vee tail surfaces is not easily defined (see
fig. 3). Thus the control-surface deflections for vee tail surfaces for
the investigated control measures are divided into the rudder and elevator
deflections for a customary type d tail surfaces in table 1 (see also
section IV). For better visualization, i,nthe diacussia of the test
results, the comesyonding rudder or elevator deflections for standard
tail surfaces are always given instead of the tots control-surface
deflections for vee tail surfaces, in order tQ make a ccxnparieonwith
the forner model conditions possible. The following symbols signify for
vee tail surfaces: St B, starboard; BB, put side; q >0, surface
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depressed. For standard tail surfaces the customary definitions are
v~id again: q >0 signifies stick pushed forward; ~ >0 signifies
rudder deflected toward the right (trailing edge of the rudder pointing

.

toward port side is thus spti+romot~ in left sptis).

Due to the particular shape d the vee tail surfaces there result
for a considerably amhller actual total surface of the tail surfaces,
pro~ections into the plane of horizontal and vertical tail surfaces
which are larger than the ccqzrespondingsurfaces for central vertical
tail surfaces. Table 2 gives for ucxqpsrisonthe magnitudes of the tail-
surface areas and their lever arms (referred to a position of the center
of gravity of 0.202aer) for the four clifferent model conditions; all

quantities refer to full-scale airplanes.

The moments of inertia were equal to those of mcdel condition 111,
except for slight deviations; they were:

~ = 4785 ckgme2; lY = 3120 kgms2; Iz = 7540 kgms2

The simulated flylng weight was again 7540 kilograms. The position of
the center of gravity was varied in a range of U--percent to 28-percent

.

of the mean aerodynamic chord. In the tests with extended slats the
slat configuration corresponded to the previous design (UM u76, p. k). .

111. SYMBOLS AND DEFINITIONS

The symibolsamd definitions a.e identical with those of the ~evious
partial reports (reference 3, p. ~o) All model values are again converted
to fuU-scale values.

m. !I!FJ3TRESULTS

A. Steady Spin

The
differed

steady spin condition of the model with vee tail surfaces
considerably from that al?the former tail+urface combinations.

Whereas far the latter the spin was very steady, the spin of the model
with vee tall surfaces showed striking oscillations; the variation of
the characteristicstiththe time shows large periodical fluctuations
particularly of the pitch angle fl and the speed of rotation !l;the
period of oscillation of these superimposed disturbances is about



NACA TM m22 5

.

.

5 seconds (in the model test 1.25 sec.). As an example, the variation
with time of the most important spin characteristics is represented in
figure 4; the variation of the spin characteristicsfor the model with
central vertical tail surfaces and-long fuselage for the same test
conditions is plotted for comparison in a dashed line. A corresponding
variation of the rate of drop took place with the continuous rapid
variation of the angle of attack; thereby the test perfomsnce was made
more Ufficult inasmuch as the jet velocity of the tunnel could not be
adapted sufficiently fast to the respective resultant rate of drop of
the model, so that the model occasionally Perfo-d violent movements in
the directim of the set exls. On the other hand the model showed no
tendency to move from the jet center.

The mesm values of the spin characteristics (from several tests)
are cmupiled fo~ different positions of elevator and center of gravity
and with slats extended and retracted in table 3. Ibr $, @, -d ~
the lWts of the fluctuations are indicated. The rudder was in all
cases adjusted to a fully spir+praoting position (( = – 250). All
values apply to a flight altitude of 4 kilaneters.

Aside from the irregularity already mentioned the steady spin is
slightly different from that of model condition III in other respects
as well; the pitch is, on the average, 50 larger and the-speed of
rotation slightly higher than for the model with standard tail surfaces.
For the rest, however, the man values d the characteristics remain
within the limits of the test series perfcu’md so far.

For extended slats the spin was very steady; the mean values of
the spin characteristics show the ssme tendency found in the test series
so far according to which the spin flattens and speed of rotation and
rate of drop decrease somewhat when the slats are extended. As fw the
former model conditions the angle of sideslip and the spin radius were
very smell for all tests (with slats retracted and extended.)

B. Effect of Control Measures for Spin Recovery

h order to clarify the important problem of control surface
effectiveness for vee tail surfaces, a number of control measures were
taken and the unsteady course of motion titer stsrting of the control
measure observed. The progrmn of the measurements corresponded, on ,
principle, to that of the previous test series. It had been extended
only inasmuch as smaller control deflections against the spin, too, were
investigated because it had been found for model condition III that
smaller rudder deflections are less effective. For the same reason,
one of the two control surfaces or both of them simultaneously were
only moved to neutral position. Table 4 shows a compilation of the
tests perfomned for the different positions of the center of gravity
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by a cross ( + ). All results
of Q kilometers; a few tests
1 kilometer were performed at

r

#

random: results similar to those for 4 kilometers altit~de were
obtain~d. The simulation of an altitude of 10 kilometers was not
possible due to the limlted air speed of the spin wind tumnel since
the model for this air density again showed an obvious tendency towards
a steep spin; however, in view of the high surface loading of the model
and the small air density required for such high flight altitudes, a
steep spin condition cannot be maintained for any length of time.
Because of the tendency toward a steep spin it may, however, safely be
assumed that the spin behavior at high flight altitudes is similar to
that at 4 kilaneters altitude.

As in the previous pmtial reyart, the test results sre represented
chiefly on the basis of the variation with tlms o? the pitch angle 0
which is the primary characteristicfor deterrolningthe effectiveness
of a control measure. Attainment of a pitch angle of 3 = - 70° is
again required as ‘criterionfor spin recovery. The effects of the various
c~ntrol &asures are compared bel-w
spending results for the model with
fuselage.

1. Model with slats retracted.

with one smother and with the corre-
standard tail surfaces and long

q. Effect of a rudder actuation.

For stick held back, a full rapid rudder deflection against the

spin 1 does not result in recovery for any of the investigated positions
of the center of gravity (see fig. 6); the di.sturbsmceoscillation
of O smd so forth mentioned before, abeady present in steady syin,
continues after introduction of the rudder measure, with the oscillations
continuing with the same amplitude and frequency alout an only very
slowly increasing mean value. For a position of the center of gravity
at 20 percent the variation with time of all,spin characteristics is
represented in figure 5. Recovery cemnot yet be established after
16 seconds, that is, 8 spin turns or 1200-meter loss of altitude; for a
position of the center of gravity at 28 percent conditions sre similar,
whereas a somewhat more favorable %ehavior my be assumed for the fore-
most position of the center of gravity. True to expectation, results
are still ~re unfavorable for s-er rudder deflections against the spin

%his rudder measure corresponds apprcmimately to the standard control
measure su~ested by Bl%l_er(DVL) which is: a. fuX1.ra~id rudder
deflection against the spin; b. no pushing forward of the stick but

b

yielding if it tends forward by itself; c. aileron in mean position.
h
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(fig. 7) o Ccmpring this result with that of a rydder deflection
against the spin for central verticeL tail surfaces one finds a pro-
nounced deterioration of recovery characteristicsfor tail surfaces.
It has to ?)8noted that the rudder deflection against the s@n amounts,
for the vee tail surfaces, on the average to only 25° in contrast to
35° for standard tail surfaces; however, for the latter one could observe,
for a position of the center of gravity at 20 percent even in case of a
rudder deflection against the spin reduced to 25°, prfect spin recovery
sfter 10 seconds (see UMU76, fig. 6). It could alsobe ass~d that
in the continuous alternation of flat and steep spin the rudder reversal.
happened to take ~lace always during flat spin and that this was the
reason for the delay in recovery. Figure 6 shows, however, that the.
rudder was actuated in all three cases at a pitch ~fle of d X — 50
(that 1s, in steep spin). Thus It may %e concluded that the effectiveness
of a rudder deflection is not as good for vee as for standard tail
surfaces. Mis fal.ureis the more striking as the oscillatory nature
of the steady spin phenmenon permits one to infer a very slight stability
of the latter so that even very smaU tail-surface moments ought to be
sufficient to disturb it.

With the stick held in neutral position or pushed forward, recovery
takes place after 5.4 seconds or 3 seconds, respectively (see fig. 8).
~ese two yositions of the stick are, therefore, considerably more
favorable for spin recovery than the position of stick held back. The
same tendency had been established in the previous test series. Huwever,
since the elevator, due to the freq-stream conditions in spin, always
will float up, actuation of the rudder will probably always represent
the most im~ortant control measure in case of stick held back.

.

S@ce in the former test series extension of the dive brakes had
proved ineffective, they were not actuated in this test series.

b. Effect of em elevator actuation.

Pushing the stick forward from q =- 30° to + 20° proved completely
ineffective for the present tail-surface arrangemmt (fig. 9); the model
could be observed spiming for an arbitrsry length of t- ,afterthe
rudder hdd been actuated; recovery did not take place even titer a
longer lapse of time. Likewise, of course, moving the elevator to neutral.
position proved ineffective: This result is noteworthy inasmuch as for
all ty_pes’-oftail surfaces investigated so fsr yushing forward of the
stick had, under all circumstances, brought about a very rapid spin
recovery. Even though the practical value of this control measure for
standard tail surfaces is questionable, due to the large control forces,
this observation shows very clesrly the deterioration of the control
effectiveness for vee tail surfaces.

,
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c. Hfect of

If both

simultaneous actuation of rudder end elevator.

control surfaces are fully deflected against the spin ,-

(control measure 10), s~in recovery occurs very rapidly for all positions
of the center of gravity (fig. 10). After not more than 0.8 second to
1.5 seconds subcritical engles of attack are attained; in the end the
model overshoots the vertical ($U = - llOO). The 10SS in ~titude due

to spin recovery amounts for this control measure only to berely
100 meters; the airplsme perfcmms, approximately, another spin half-
turn. ~ order to examine the yractical feasibility of this combined
control measure, a bough calculation of the control forces was preformed.
A few rough assumptions had to be made (for instance concerning the
cw-values of the control surfaces); however~ a comparison of calculations

using the same assumptions for the Ar 96 with existing control-face
measurements in spin by H&ler shows that the calculation gives the
control forces with relatively high accuracy (in the case of the Ar 96,
for instance, approx. 10 yercent). The calculation always used the
normal component of the resulting velocity vector on the control-surface
area of the tail surfaces. For a steady syin condition with the followl.ng
mean values of the spin

%m#480; ~z =a
m

cheraoteristics
—

=42°; WSM= 72m/s; 0=3.3/s; Q%OO .

and for a ccmtrol surface deflecticm of ~ = 50°. T~t3 ‘ 0°3 that “

is, q = 300, { = 25° r:stited in a control-surface nmmnt of about
78 M.logram meters; if a transmission ratio in the control linkage
of 1.5 emd a length of the control stick of O.~ meter ere assumed, th8
control force is calculated to be about 230 kilograms! Performance of
this control measure in practice seems hqossible, even if the fact is
taken into consideration that for vee tail surfaces the pilotts hand
and foot pressure add up in the control oyeration.

1% both control surfaces are moved only into neutral position
(controlmeas~ 9), recovery does not take @ace, regardless of the
position of the center of gravity (fig. 10); thus these results agree
with those.for standard tail surfaces.

Release of both control surfaces is absolutely ineffective; the
model--c&tinues spinning without change”for an arbitrary length of thin.

2. M&iel with slats extended.

In the tests with extended slats a
was noticeable. The mean values of the

●

pronounced steadying of the spin “
decisive spin parameters did nob

a
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show any particular variation due to the extension of the slats; however,
the superimposed disturbance oscillation of d, Q, and so forth mentioned
above had disappeared except for a.slight normal amount which was observed
for all model configurations in the current test program. With respect
to control-stiace effectiveness the _ conditions ~revailed as in the
tests with slats retracted. A rudder deflection against the spin was
absolutely ineffective for spin recovery whereas simultaneous elevator
and rudder actuation very rayidly brought about recovery. Since the
rudder deflection against t,hespin had been ineffective already for the
model with slats retracted, the unfavaable itiluence of the slats
noticed in the previous tests does not appeer for this model condition.
Figure 11 shows the variation with tim of t9 after starting of the
control measures 1 and 10 for extended slats for positions of the center
of gravity at 20 percent smd 28 percent. Figure 12 shows for the
variation with time of 4 with slats extended and retracted the position
of the center of gravity at 20 percent.

v. EVALUATION OF THE MODEL ME 210 WITELONGFUSEUGE AND

WITHVEE T!KtLSURFACES

IX the model test results ere presupposed to be transferable to
the flight test, the following statements may be made concerning the spin
characteristics of the Me 210 with vee tail surfaces:

For-retracted slats the steady spin is characterizedby a striking
oscillation; the pitch amgle ~ and the speed of rotation O show
large periodical.fluctuations so that the spin condition continuously
alternates between flat and steep spin (~ =–33° to-630); the mean
condition may be called moderately steep ($ = – 500). With respect to
recovery, a relatively small control effectiveness of the vee tail
surfaces became evident. Control deflections corresponding to a rudder
deflection against spin for stick pulled back for standard tail surfaces
proved to be completely ineffective for all positions of the center of
gravity; for stick held in neutral position or pushed forward recowry
takes place after 5.3 seconds and 3 seconds, respectively. Pushing
forward of the stick also was completely ineffective with vee tail
surfaces, in contrast to e.U previous t~es of tail surfaces. my by
reversi~ of both control surfaces (rudder against the spin and simul-
taneous pushing forward of the stick) did spin recovery occur rapidly
for all.positions of the center of gravity. Because of the very lsrge
control forces, however, this measure probably has no practical signifi–
cance. Movement of both control surfaces merely to neutral position did
not cause spin recovery

For extended slats
spin phenomsncn occurs.

in any caee.

a considerable steadying and stabilization of the
However, the,spin does not become noticeably
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●

flatter by the extension of the slats. With respect to spin recovery
a rudder deflection against the spin alone proves ineffective whereas
it brings about a very rapid spin recovery H in connection with simul.- U

tmneous pushing forward of the stick.

By installation of vee tail surfaces the spin characteristics of
the model Me 210, therefore, deteriorated in comparison with the design
with standard tail surfaces. This result is in agreement with the sole
spin investigation of vee tail surfaces known in foreign literature
where the vee tail surfaces also proved inferior to central vertical tatl
surfaces, the effectiveness of which was reduced by interference (refer-
ence 4). ~ these English tests two vee tail surfaces with 24° and 4 0
dihedral were investigated. In the case of the tail surfaces with 242
dihedral, the projection of the tail-surface areas into the plane of the
vertical tail surfaces corresponded to the magnitude of the central
vertical tail surfaces referred to for comparison,whereas it was
130 percent larger for the model with 45° dihedral. Only for these last
tail surfaces, with the pronounced dihedral, did spin recovery occur more
rapidly
the vee
surface
amounts
too, a

No

than for the model with standard tail surfaces. However, for
tail surfaces of the Me 210 the enlargement of the vertical-~all-
area compared to that of the central vertical tail surfaces
to only about 20 percent; thus according to the Ehglish tests,
improvement of the spin behavior cannot be expected.

.

definite explanation can be given for the failure of the vee tail
surfaces which a priori (because of ~he absence of titerference) would
expected to lead to favorable spin behavior. The reason ~robally lies
in the additional yawing and rolling moments due to side slip caused
by the pronounced dihedral of the tail surfaces; however, their effect
cannot be detemlned in detail. Due to the great nuriberof paramters
and especially due to the lack of aerodynamic data (in spin one has

be
u

mostly-to de~ with separated

VI. SUMM&!SYAND

COtiTrIONS

flow) these influences c~ot be calculated.

COMPARISONWIICHTHE MODEL

INVESTIGATED SO FAR

(See also reference 3, p. 14.)

A model with elongated fuselage and with vee tail surfaces was
investigated as the fourth fuselage and tail-surface combination in the
systematic investigation of the model Me 210 (model condition IV).
Following, the results are briefly summerized and, with respect to the
most essential points, compared with those o.p the previous test series
(see fig. 13).

P
All data are valid for 4 kilometers flight altitude and

always ere full-scale values.
*
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1. The spin was for the nmdel conditions I to III moderately steey
and characterized by steadiness. The angle of attack was, with slight
deviations, 40° to 450; the speed of rotation was 0.5 turns _persecond;
the rate of drop was 70 to 80 meters yer second. It is true that alout
the same mean values apyeared for model condition IV; however, a strong
disturbance oscillation was suyerim~osed on the main motion so that the
angle of attack was subjected to fluctuations of *15° and that speed of
rotation and rate of drop variea accordingly.

For model condition I the spin’at high flight altitudes became very
flat (a% 650); for the model conditions 11 to IVa spin similarly steep
as at k kilometers altitude is to be expected.

Extending of the slats increased the singleof attackby about 6°
to 10° for model conditions I to 111, but did not have any further
significsmt influence. For mcxielcondition IV the spin with extended
slats became very steady and uniform; a variation of the mean values of
the spin characteristics did not occur.

2. The investigated four models showed very different behavior with
respect to control-surface effectiveness. For the model with slats
retracted, for the model con~lti.onsI end IIIz,a rudder deflection against
the spin with stick held back resulted in recovery after about WO meters
loss of altitude whereas for model condition II recovery occurred with
about half this loss of altitude. For the mcdel with Tee tail qurfaces
the same recovery measure does not cause spin recovery at aU. Inde-
pendently of the form of the tail surfaces spin recovery takes place
faster for stick in neutral position or pushed forward than for stick
held back.

Pushing forward of the stick with rudder fixed in yr~pin position
always led to very rapid recovery for model conditions I to III, but
failed completely for the vee tail surfaces (IV).

By simultaneous actuation of rudder and elevator, spin recovery
occurs for alJ_four model conditions investigated after less then one
half -imrn.

If one of the two control surfaces or
moved merely to neutral position, recovery
case.

both
does

3. For etiended slats ti control measures

simultaneously
not take place

axe
in any

failed for model
condi;ion I. For model condition 11 a rudder deflection against spin
caused spin recovery after 6 seconds, for model condition III only after
about 15 seconds; for model condition IV, however, this control measure
failed completely. Rudder deflection against the spin with simultaneous
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pushing forward of the stick led to spin recovery in about the same
time - appraimately 2 seconds - for the model conditions 11 to IV.
.Dueto the large control forces required far this control measure,
however, it would probably have nQ practical value.

With respe’ctto control-surface effectiveness for s~in recovery,
the following sequence may be set UI for the investigatedfuselage
and tail-etiac e,combinations:

1.

2.

3-

4.

Model with short fuselage end twin vertical tail surfaces
(most favorable case)

Model with long fuselage and central vertical.tail surfaces

Model with short fuselage -d central vertical tail surfaces

Model with long fuselage and vee tail sur?aces (most unfavorable
case)

Thus the expectations of improving the spin characteri.sties’by
use of vee tail surfaces were not full?illedin my way. The reason
for the failure of the dihedral tail surfaces probably lies in the
yawiug and rolling momnts due to side slip which aypea in syin.

For further fuselage end tail-urface combinations the following
.

model conditicms are being prepared in the systematic spin investigation
of the model Me 21.0: .

Long fuselage and central vertical tail surfaces with horizontal
tail surfaces moved to a high position: model condition V

Long fuselage @ central vertical tail surfaces, with horizontal
tail surfaces moved toward the front: model condition VI

These tail units for which the arrangement of the tail-surface
areas was chosen particularly with respect to minimum interference in
spin, and also the use of twin vertical tail surfaces in combination
with the long fuselage seem to promise good spin characteristics.

Translated by Mary L. MeMer
National Aihlsory Ccmmittee
for Aeronautics
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1. Untersuchung des Me
1. Teilbericht:
12xiustrieherient

2. Untersuchung des Me
2. Tellhericht:
Industriebericht

3. Untersuchung des Me
3. Teilbericht:
Seitenleitwerk.
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Mod&l Condltlcm
m.n-i’aoe

area !cOtal Lever arm 8tabiMzer ELevator Total Lever arm Fin Rudder

(#) (H?) (m) (m2) (r?) (n?) (m) (&) (m?)
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tail mnfacaa

III Lang fuselage,
Oem’trfilVwthd. 10.33 6.52 8.3o 4.29 2.23 3.81 8,05 2.58 1.23
tafl aurfaoea

Iv Lcmg fumlage,

we tail 7*76 6.35 8.30 4.22 2.13 4*45 8.30 2.95 1.50
mm?acw
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